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[57] ABSTRACT 

In an image forming apparatus, plural apertures are formed 
in a roW in an insulation sheet of polyimide and control 
electrodes for the respective apertures are formed on the 
insulation sheet. The operation portion of each control 
electrode is directly contacted With the insulation sheet and 
the Wire portion (non-operation portion) of the control 
electrode is disposed to face the insulation sheet through a 
second insulation sheet. A shield electrode is further pro 
vided between the tWo insulation sheets to prevent the 
occurrence of an electric ?eld between the toner carry roller 
and the Wire portions of the control electrodes. 

7 Claims, 3 Drawing Sheets 
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IMAGE FORMING APPARATUS HAVING 
TONER FLOW CONTROL WHICH SHIELDS 

EXTENDED PORTION OF CONTROL 
ELECTRODES FROM TONER CARRYING 

MECHANISM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to an image forming apparatus 
Which is suitably usable for a copying machine, a printer, a 
plotter, a facsimile, or similar printing apparatus. 

2. Description of Related Art 
A conventionally knoWn image forming apparatus is 

disclosed in US. Pat. No. 3,689,935. The apparatus uses an 
electrode having plural opening portions (hereinafter 
referred to as “apertures”) and a voltage is applied to the 
electrode in accordance With image data to control passage 
of toner particles through the apertures, Whereby an image 
is formed on a supporter (image receiving medium) With the 
passed toner particles. 

The image forming apparatus includes an aperture elec 
trode unit comprising an insulating ?at plate, a reference 
electrode formed continuously on one surface of the ?at 
plate, plural control electrodes formed on the other surface 
of the ?at plate are electrically insulated from one another, 
and at least one roW of apertures are formed, With an 
aperture in correspondence With each control electrode, so as 
to penetrate through the ?at plate, the reference electrode 
and the control electrodes; means for selectively applying a 
voltage across the reference electrode and the control elec 
trodes; means for supplying charged toner particles so that 
the How of the toner particles passed through the apertures 
is modulated in accordance With the applied voltage; and 
means for moving a supporter and the aperture electrode unit 
relative to one another to position the supporter in a particle 
?oW passage. 

Further, US. Pat. Nos. 4,743,926, 4,755,837, 4,780,733, 
and 4,814,796 disclose image forming apparatuses having 
an aperture electrode unit disposed so that control electrodes 
face a supporter and a reference electrode faces a toner 
supply side. 
On the other hand, US. Pat. No. 4,912,489 discloses an 

aperture electrode unit disposed so that the reference elec 
trode faces the supporter and the control electrodes face the 
toner supply side. In the speci?cation of US. Pat. No. 
4,912,489 it is described that a voltage to be applied to the 
control electrodes at an off-time can be reduced to about a 
quarter of that of the image forming apparatus as disclosed 
in the above US. patents. 

The term “off-time” means a time When no toner particle 
is attached onto the supporter, that is, When a blank portion 
of an image is formed on the supporter and, conversely, the 
term “on-time” means a time When a toner image is formed 
on the supporter. 

In the image forming apparatus as described above, a 
reference electrode is provided on one surface of the ?at 
plate While plural control electrodes are provided on the 
other surface. An electric ?eld for controlling movement of 
charged toner is formed by applying a prescribed voltage 
across the reference electrode and the control electrodes. 
Accordingly, in order to control the movement of the 
charged toner supplied to the vicinity of the aperture elec 
trode unit from the toner supply means, a strong electric ?eld 
must be formed betWeen the reference electrode and the 
control electrodes. In order to form the strong electric ?eld 
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2 
betWeen the electrodes, a voltage supply means for applying 
a high voltage must be used so that the total manufacturing 
cost of the apparatus is expensive. 

In order to solve this problem, there Was proposed an 
image forming apparatus as disclosed in European Unex 
amined Patent Publication No. 587,366. This image forming 
apparatus includes an aperture electrode unit 101, as shoWn 
in FIG. 4, Which is capable of controlling the movement of 
toner even using a loW voltage. The aperture electrode unit 
101 of the image forming apparatus comprises a ?at plate 
102 Which is formed of an insulation member and has a 
thickness of 25 pm, plural apertures 106 each of Which is 
formed in the ?at plate 102 and has a diameter of about 40 
pm, and control electrodes 104, a control electrode 104 
being independently provided for each aperture 106 and 
having a thickness of 1 pm. Each control electrode 104 
comprises an operation portion 104A, Which is disposed in 
such a Way as to surround the corresponding aperture 106, 
and a Wire portion (non-operation portion) 104B, Which is 
disposed in such a Way as to eXtend from the aperture 106 
to the end portion of the ?at plate 102. The plural apertures 
106 are provided in such a Way as to penetrate through the 
?at plate 102 and the control electrodes 104 and are arranged 
in a roW in the longitudinal direction of the ?at plate 102. 

The aperture electrode unit 101 is slightly pressed against 
a carry roller (not shoWn), so that it is brought into slight 
contact With the carry roller, and a voltage is applied across 
each of the control electrodes and the carry roller. When the 
aperture electrode unit 101 thus structured is used in the 
image forming apparatus, an electric ?eld is formed betWeen 
the control electrodes 104 and the carry roller (not shoWn) 
carrying charged toner thereon upon application of a control 
voltage to the control electrodes 104. As a result, toner ?oW 
(movement of the toner) occurs betWeen the control elec 
trodes 104 and the carry roller (not shoWn), and the toner on 
the carry roller passes through the apertures 106 and moves 
to a supporter side (not shoWn). 
With this structure, the movement of the toner can be 

controlled With a far loWer voltage as compared With the 
conventional image forming apparatus. 

HoWever, in this case the voltage is applied to the Whole 
of the control electrodes 104 and, thus, the electric ?eld is 
formed betWeen the carry roller (not shoWn) and the Wire 
portion 104B, Which is not directly associated With the 
movement of the toner, so that the toner is electrostatically 
attracted and adheres to a part of the ?at plate 102 Which is 
located beloW the Wire portion 104B. By this phenomenon, 
the toner adhering to the ?at plate 102 is deposited betWeen 
the control electrodes 104 and the carry roller, the ?at plate 
102 is pushed up by the deposited toner, and the distance 
betWeen the carry roller (not shoWn) and the ?at plate 102 
is gradually increased. Therefore, the electric ?eld for con 
trolling the toner ?oW is gradually Weakened, and the toner 
is not suf?ciently moved to the supporter side, so that there 
occurs a problem that a image formed on the supporter is 
blurred. 

Particularly When the Wire portions 104B of the control 
electrodes 104, Which are not associated With the toner 
movement, are disposed at the upstream side of the rota 
tional direction of the carry roller (not shoWn), the folloWing 
problem occurs. If the toner adheres to the ?at plate 102 side 
beloW the Wire portions 104B, the toner supply amount to 
the apertures 106 Would be temporarily reduced by the 
amount of the toner adhering to the ?at plate 102, When 
continuous dots are printed as an image on the supporter, so 
that the image formed on the supporter is blurred. 
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On the other hand, the electric ?eld Which is formed 
betWeen the control electrodes 104 and the carry roller (not 
shoWn) by the control voltage, that is, the electric ?eld for 
alloWing the toner to pass through the apertures 106, and the 
electric ?eld Which causes the toner to adhere to the ?at plate 
102, eXtinguishes When a non-control voltage is applied to 
the control electrodes 104 to stop the occurrence of the toner 
?oW (movement). As a result, the toner adhering to the ?at 
plate 102 is released to return to and be fed by the toner carry 
roller. Accordingly, the toner carry amount on the toner carry 
roller is partially (locally) increased by the toner returning to 
the toner carry roller. Thus, the toner is nonuniformly carried 
on the surface of the toner carry roller (that is, unevenness 
of the toner amount occurs on the toner carry roller). 

If the control voltage is applied to the control electrodes 
104 to induce the toner ?oW When an area having a larger 
toner amount carried on the toner carry roller is located 
beloW the apertures 106, the toner supply becomes 
excessive, and the toner ?oW amount to the supporter side is 
excessively increased so that fog occurs in the image formed 
on the supporter. Furthermore, if the non-control voltage is 
applied to the control electrodes 104 When the larger toner 
amount area is located beloW the apertures 106, the force of 
the toner ?oW drives the toner to be emitted from the 
apertures 106. As a result, the toner adheres to a non-image 
portion on the supporter and high image quality cannot be 
obtained. 

Lastly, if the toner repetitively adheres onto the surface of 
the ?at plate in the vicinity of the control electrodes 104 of 
the ?at plate 102 and the adhering toner repetitively returns 
to the toner carry roller as described above, the distance 
betWeen the control electrodes 104 and the carry roller is 
varied so that the electric ?eld for inducing the toner ?oW is 
not stabiliZed and the image quality is not stabiliZed. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide an image forming 
apparatus Which is capable of forming an image With high 
image quality by shielding the electric ?eld formed betWeen 
Wire portions of control electrodes and the toner supply 
means, and Which can be manufactured at a loW cost. 

In order to attain the above object, an image forming 
apparatus according to the invention, in Which charged toner 
is controlled to pass through apertures by an aperture 
electrode unit having plural apertures to form an image on 
a supporter Which is disposed at the opposite side of a toner 
supply source With respect to the aperture electrode unit, is 
characteriZed by including a ?rst insulating sheet Which is 
provided on one surface of the aperture electrode unit Which 
faces the toner supply source, a plurality of control 
electrodes, a control electrode individually (sectionally) 
provided to each aperture, and shield means Which is pro 
vided betWeen the ?rst insulating sheet and the Wire portions 
of the respective control electrodes Which eXclude aperture 
formed portions of the control electrodes and serves to 
shield an electric ?eld formed betWeen the Wire portions of 
the control electrodes and the toner supply source. 

Preferably, the shield means comprises a ?at plate type of 
shield electrode, and a second insulation sheet is provided 
betWeen the shield electrode and the Wire portions of the 
control electrodes. 
According to the image forming apparatus thus 

structured, the shield electrode provided betWeen the Wire 
portions of the plural control electrodes and the ?rst insu 
lation sheet shields the electric ?eld formed betWeen the 
Wire portion of each control electrode and the toner supply 
source. 
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4 
As is apparent from the foregoing, according to the image 

forming apparatus of the invention, since the shield elec 
trode provided betWeen the Wire portions of the plural 
control electrodes and the ?rst insulation sheet shields the 
electric ?eld formed betWeen the Wire portion of each 
control electrode and the toner supply source, the image can 
be formed With high image quality and the cost of the 
apparatus can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention Will be described 
in detail With reference to the folloWing ?gures Wherein: 

FIG. 1 is a cross-sectional vieW shoWing an image form 
ing apparatus of an embodiment of the invention; 

FIG. 2A is a perspective vieW shoWing an embodiment of 
an aperture electrode unit used in the image forming appa 
ratus; 

FIG. 2B is a cross-sectional vieW shoWing the aperture 
electrode unit used in the image forming apparatus; 

FIG. 2C is a cross-sectional vieW of another embodiment 
of the aperture electrode unit; 

FIG. 3 is a schematic vieW shoWing an arrangement of the 
aperture electrode unit and a carry roller; and 

FIG. 4 is a perspective vieW shoWing an aperture elec 
trode unit used in a conventional image forming apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A preferred embodiment according to the invention Will 
be described With reference to the accompanying draWings. 
FIG. 1 is a cross-sectional vieW shoWing an image forming 
apparatus of the embodiment. As shoWn in FIG. 1, a counter 
(back) electrode plate 22 is disposed at the left side of an 
aperture electrode 1 so as to be spaced from each other at an 
interval of 1 mm, Whereby a supporter 20, inserted into the 
gap betWeen the aperture electrode unit 1 and the counter 
electrode plate 22, can be guided through the gap. 
Furthermore, a toner supply device 10 is disposed along the 
longitudinal direction of the aperture electrode unit 1 at the 
right side of the aperture electrode unit 1, and a ?Xing device 
26, having rollers 26A and 26B, is disposed at the doWn 
stream side of a feed direction of the supporter 20 Which is 
guided by the counter electrode plate 22. 
The toner supply device 10 comprises a toner case 11 

Which also serves as a housing for the Whole apparatus, toner 
16 stocked in a toner reservoir 21 in the toner case 11, a toner 
supply roller 12, a toner carry roller 14, a toner WithdraWing 
roller 15, an agitator 17, a toner-layer restricting blade 18 
and a toner WithdraWing blade 19. The toner carry roller 14 
carries the toner 16 thereon to feed the toner 16 toWard the 
aperture electrode unit 1, and the toner supply roller 12 
supplies the toner 16 to the toner carry roller 14. The toner 
supply device 10 containing the toner carry roller 14 con 
stitutes a toner supply source of the invention. The toner 
WithdraWing roller 15 comprises a stainless steel shaft 
around Which cloth of nylon brush is adhesively attached 
and it serves to peel off the toner 16 remaining on the toner 
carry roller 14. The agitator 17 serves to miX and agitate 
unused toner 16 and the toner 16 WithdraWn by the toner 
WithdraWing roller 15. 

The toner supply roller 12, the toner carry roller 14, the 
toner WithdraWing roller 15 and the agitator 17 are supported 
by the toner case 11 so as to be rotatable in the directions as 
indicated by arroWs A, B, C and D of FIG. 1, respectively. 
Furthermore, both of the toner carry roller 14 and the toner 
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supply roller 12 and both of the toner carry roller 14 and the 
toner WithdraWing roller 15 are respectively disposed in 
contact With each other. 

The toner-layer restricting blade 18 is pressed against the 
toner carry roller 14 and serves to adjust the toner amount on 
the toner carry roller 14 so that the toner amount is uniform 
over the surface of the toner carry roller 14 and also to 
uniformly charge the toner 16 on the toner carry roller 14. 
The toner WithdraWing blade 19 is disposed so as to be 
brought into contact With the tip of the brush of the toner 
WithdraWing roller 15. Upon rotation of the toner WithdraW 
ing roller 15, the toner 16 adhering to the brush is peeled off 
by the blade 19 and falls into the toner reservoir 21. 

As shoWn in FIGS. 2A and 2B, the aperture electrode unit 
1 of this embodiment comprises a ?rst insulation sheet 2A of 
polyimide and 50 pm thickness, plural apertures 6 of 40 pm 
diameter Which are formed in a roW in the longitudinal 
direction of the insulation sheet 2A, and control electrode 4 
of 1 pm thickness, a control electrode 4 is formed in the 
vicinity of each aperture 6 on the surface of insulation sheet 
2A. An operation portion 4A of each control electrode 4 is 
directly connected to the insulation sheet 2A and a tWo 
layered structure, in Which a second insulation sheet 2B is 
interposed betWeen the insulation sheet 2A and a Wire 
portion 4B (non-operation portion) of each control electrode 
4, is provided. The loWer portion of the Wire portion 4B 
Which is mounted on a surface of second insulation sheet 2B. 
A shield electrode 13 is further provided betWeen the ?rst 
insulation sheet 2A and the second insulation sheet 2B. The 
shield electrode 13 is formed of a conductive member and is 
grounded. 

The insulation sheet 2B may be formed of the same 
material as the insulation sheet 2A, or it may be formed of 
different insulation material, such as resin or ceramics. For 
example, the insulation sheet 2A and the insulation sheet 2B 
may be formed of a vinyl chloride resin, such as polyvinyl 
dichloride, styrene resin, AS resin, ABS resin, methacrylic 
resin, methacrylic/styrene copolymer, polyethylene, 
ethylene/vinyl acetate copolymer, polypropylene, polypro 
pylene copolymer, polypropylene/ glass ?ber, polypropylene 
inactive material, ionomer resin, polytetra?uoroethylene, 
polytetra?uoroethylene/glass ?ber, polycarbonate, 
polycarbonate/glass ?ber, polyphenylene/oxide/glass ?ber, 
methyl pentene resin, or chlorinated polyether resin. 
When the aperture electrode unit thus structured is applied 

to the image forming apparatus as described above, any 
electric ?eld Which may be formed betWeen the Wire por 
tions 4B and the toner carry roller 14 is shielded by the 
shield electrode 13 so that the toner 16 can be prevented 
from adhering to the insulation sheet 2A. Therefore, blurring 
of the image and unevenness of print density can be pre 
vented. 
An aperture electrode shoWn in FIG. 2C may be used as 

an alternative embodiment of the aperture electrode unit 1 in 
the image forming apparatus. In the aperture electrode unit 
shoWn in FIG. 2C, the insulation sheet 2 comprises one body 
obtained by connecting the insulation sheets 2A and 2B as 
described above to each other. In this case, the control 
electrodes 4 are provided on the surface of the insulation 
sheet 2, that faces the counter electrode 22, and the shield 
electrode 13 is provided on the other surface of the insula 
tion sheet 2, that faces the toner carry roller 14 and is located 
at the Wire portions 4B of the control electrodes 4. 

The aperture electrode unit 1 is pressed against the toner 
carry roller 14 at the position corresponding to the apertures 
6 of the insulation sheet 2A in a state Where the control 
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6 
electrodes 4 are confronted to the supporter 20 as shoWn in 
FIG. 1. Next, the positional relationship betWeen the aper 
tures 6 of the aperture electrode unit 1 and the toner carry 
roller 14 Will be described in detail. 

As shoWn in FIG. 3, each aperture 6 is disposed so that the 
center line 30 thereof passes through the uppermost portion 
of the peripheral surface of the toner carry roller 14 and the 
center axis 32 of the toner carry roller 14. With this 
arrangement, each aperture 6 is disposed uniformly 
(symmetrically) to the right and left sides thereof With 
respect to the uppermost portion of the peripheral surface of 
the toner carry roller 14, so that the distribution of the toner 
16 passing through each aperture 6 can be made uniform 
over the entire area in each aperture 6. Further, the Wall 
surface of each aperture 6 and the ?ight direction of the toner 
16 are parallel to each other, so that the toner 16 stably ?ies 
toWard the supporter 20. 
The aperture electrode unit 1 itself is pressed against the 

toner carry roller 14 so as to be bent to the right and left sides 
thereof at the same angle With each aperture at the center 
thereof, as shoWn in FIG. 3, so that the contact area betWeen 
the aperture electrode unit 1 and the toner carry roller 14 can 
be increased. In addition, the loWer peripheral portion of 
each aperture 6 can be uniformly pressed against the toner 
carry roller at the right and left sides thereof, so that the 
unevenness of the density of the toner can be suppressed at 
maximum. 
A control voltage applying circuit 8 is connected betWeen 

the control electrodes 4 and the toner carry roller 14. It is 
designed to apply a voltage of 0V or +50V to the control 
electrodes 4 on the basis of an image signal. Further, a DC 
poWer source 24 is connected betWeen the counter electrode 
plate 22 and the toner carry roller 14 and is designed to apply 
a voltage of +1 KV to the counter electrode plate 22. 

Next, the operation of the image forming apparatus thus 
structured Will be described. 

First, upon rotation of the toner carry roller 14 and the 
toner supply roller 12 in the directions as indicated by 
arroWs A and B in FIG. 1, the toner 16 Which is fed from the 
toner supply roller 12 is rubbed against the toner carry roller 
14 and carried on the toner carry roller 14 While negatively 
charged. The toner 16 carried on the toner carry roller 14 is 
thinned and further negatively charged by the toner layer 
restricting blade 18 and is then fed toWard the aperture 
electrode unit 1 by the rotation of the toner carry roller 14. 
Thereafter, the toner 16 on the toner carry roller 14 is fed to 
the loWer side of each aperture 6 While rubbed against the 
insulation sheet 2 of the aperture electrode unit 1. 

In accordance With the image signal, a voltage of +50 V 
is applied to the control electrodes 4 corresponding to an 
image-forming portion from the control voltage applying 
circuit 8. As a result, an electric ?eld directed from the 
control electrodes 4 to the toner carry roller 14 is formed in 
the neighborhood of the apertures 6 for the image-forming 
portion due to the potential difference betWeen the control 
electrodes 4 and the toner carry roller 14. As a result of the 
electric ?eld, the negatively charged toner 16 is electrostati 
cally attracted to the higher potential portion so that the toner 
16 passes from the surface of the toner carry roller 14 
through the apertures 6 and is draWn out to the control 
electrode side. The draWn-out toner 16 is further attracted to 
the supporter 20, by an electric ?eld Which is formed 
betWeen the supporter 20 and the aperture electrode unit 1 by 
the voltage applied to the back electrode plate 22, and 
deposited onto the supporter 20 to thereby form picture 
elements on the supporter 20. 
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On the other hand, a voltage of 0V is applied to the control 
electrodes 4 corresponding to a non-image forming portion, 
so that no electric ?eld is formed betWeen the toner carry 
roller 14 and the control electrode 4. Therefore, the toner 16 
on the toner carry roller 14 is not electrostatically attracted 
and no toner 16 passes through the non-image apertures 6. 

The supporter 20 is fed in a direction perpendicular to the 
aperture array by feed roller 119, the distance corresponding 
to one picture element While one array of picture elements 
are formed on the surface of the supporter 20. By repeating 
the above process, a toner image is formed on the Whole 
surface of the supporter 20 and then the toner image thus 
formed is ?xed onto the supporter 20 by the ?xing device 26. 
In the above embodiment, the control voltage for the aper 
tures corresponding to the non-image forming portion is set 
to 0V, hoWever, it may be set to a negative voltage. In this 
case, an image having less fog can be obtained. 

If insulating toner is used in the image forming apparatus 
of this embodiment, insulation is kept betWeen the toner 
carry roller 14 and the control electrodes 4, and the apertures 
6 can be prevented from being broken doWn. 
As described above, in the image forming apparatus of 

this embodiment, the electric ?eld Which is formed betWeen 
the Wire portions 4B of the control electrodes 4 of the 
aperture electrode unit 1 and the toner carry roller 14 is 
shielded by the shield electrode 13, so that the toner 16 
carried on the toner carry roller 14 can be prevented from 
repetitively adhering to the insulation sheet 2A and also the 
toner 16 adhering to the insulation sheet 2Acan be prevented 
from repetitively returning to the toner carry roller 14. 
Therefore, the positional relationship betWeen the toner 
carry roller 14 and the aperture electrode unit 1 is stabiliZed 
and the image can be stably formed on the supporter 20 at 
all times. 

The control electric ?eld created by the control electrodes 
4 is formed on the carry roller 14 beloW the apertures 6 and 
inside of the apertures 6. That is, the toner 16 is carried on 
the toner carry roller 14 so that the control electric ?eld 
directly acts on the toner 16. Even When the toner 16 
partially invades into the apertures corresponding to the 
non-image forming portion, due to a mechanical force Which 
is caused through sliding betWeen the toner 16 and the 
aperture electrode unit 1, the toner 16 can be controlled not 
to pass through the apertures 6 by the electric ?eld Which is 
formed Within the apertures 6 by applying a negative voltage 
to the control electrodes 4. Accordingly, the control perfor 
mance of the toner 16 is excellent. 

Furthermore, since the toner carry roller 14 and the 
aperture electrode 1 are disposed so as to confront each other 
through the toner layer, these elements can be disposed at a 
relatively short distance, so that the control voltage can be 
set to a loW value and a loW-price driving element can be 
used. 

The insulation sheet 2A of the aperture electrode unit 1 is 
disposed so as to confront the toner carry roller 14. 
Therefore, even if no toner exists on the toner carry roller 14 
due to failure of the toner supply device 10, the control 
electrodes 4 and the toner carry roller 14 can be prevented 
from being contacted With each other and thus electrically 
short-circuited precluding damage to the driving element. 

Still further, the aperture electrode unit 1 and the toner 16 
on the toner carry roller 14 are contacted With each other at 
the inlet portions of the apertures 6, the toner 16 deposited 
at the inlet portions of the apertures 6 is pushed out by the 
toner 16 Which is successively supplied from the toner carry 
roller 14. Therefore, the toner 16 can be prevented from 
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8 
being deposited in the vicinity of the apertures 6 so that the 
apertures 6 are not clogged With the toner 16. 

The invention is not limited to the above embodiments 
and various modi?cations can be made Without departing 
from the subject matter of the invention. 

For example, in this embodiment, the Wire portions of the 
control electrodes 4 are provided at only one side of the 
aperture electrode unit 1, hoWever, these portions may be 
provided at both sides of the aperture electrode unit 1. In 
such a case, the shield electrode 13 and the insulation sheet 
2B of the aperture electrode unit 1 are required to be 
provided at both sides of the aperture electrode unit 1. 

Further, in the above embodiment, the aperture electrode 
unit 1 is used as the toner ?oW control means. HoWever, a 
mesh-shaped electrode unit as disclosed in US. Pat. No. 
5,036,341 may be used as the toner ?oW control means. 
What is claimed is: 
1. An image forming apparatus for forming an image on 

a recording medium With charged toner particles, compris 
ing: 

toner carrying means for carrying and supplying charged 
toner particles; 

a back electrode; 
toner ?oW control means provided betWeen said toner 

carrying means and said back electrode for controlling 
a How of the charged toner particles in a toner ?oW 
direction such that the charged toner particles pass 
through the toner ?oW control means, said toner ?oW 
control means including: 

a plurality of toner ?oW control apertures for controlling 
the How of the charged toner particles in the toner ?oW 
direction such that the charged toner particles pass 
through said toner ?oW control apertures for forming 
the image on the recording medium Which is disposed 
betWeen said toner ?oW control means and said back 

electrode; 
a plurality of control electrodes, a control electrode being 

provided adjacent to each ?oW control aperture of the 
How control apertures, each control electrode of said 
plurality of control electrodes having an operation 
portion promimal to the How of charged toner particles 
in the toner ?oW direction and an extended portion 
distal to the How of charged toner particles in the toner 
?oW direction; 

an insulating sheet disposed betWeen the plurality of 
control electrodes and the toner carrying means; and 

shield means for preventing an electric ?eld from forming 
betWeen the extended portion of each control electrode 
of the plurality of control electrodes and said toner 
carrying means, the shield means disposed betWeen the 
insulating sheet and the toner carrying means, the 
shield means spaced from the operation portion of each 
control electrode of the plurality of control electrodes 
in a direction perpendicular to the How of charged toner 
particles in the toner ?oW direction. 

2. The image forming apparatus as claimed in claim 1, 
Wherein said shield means is formed of a conductive mate 
rial and is grounded. 

3. The image forming apparatus as claimed in claim 1, 
Wherein the toner ?oW control means further includes an 
insulating sheet provided on said shield means facing said 
toner carrying means. 

4. An electrode apparatus for use With toner carrying 
means for carrying and supplying charged toner particles of 
an image forming apparatus, comprising: 
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an insulation member, wherein said insulation member 
includes a ?rst insulation member and a second insu 
lation member, the ?rst insulation member de?ning an 
aperture having an axis; 

a plurality of control electrodes disposed on said insula 
tion member, each control electrode of said plurality of 
control electrodes having an operation portion around 
the aperture de?ned by the ?rst insulation member, and 
a Wire portion extending from said operation portion 
substantially to an edge of said second insulation 
member; and 

a shield member for preventing an electric ?eld from 
forming betWeen the Wire portion of each control 
electrode of the plurality of control electrodes and the 
toner carrying means, the shield member disposed 
betWeen the second insulation member and the toner 
carrying means, the shield member spaced from the 
operation portion of each control electrode of the 
plurality of control electrodes in a direction perpen 
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dicular to the aXis of the aperture de?ned by the ?rst 
insulation member. 

5. The apparatus as claimed in claim 4, Wherein said 
operation portion of said plurality of control electrodes are 
on a surface of the ?rst insulation member, said second 
insulation member is mounted to said ?rst insulation mem 

ber and said Wire portions of said plurality of control 
electrodes are on a surface of said second insulation member 

and said shield member is mounted betWeen said ?rst 
insulation member and said second insulation member. 

6. The apparatus electrode as claimed in claim 4, Wherein 
said shield member is mounted to another surface of said 
insulation member. 

7. The elective apparatus as claimed in claim 4, Wherein 
said shield member is formed of a conductive material and 
is grounded. 


